Abstract. In this report I will briefly review the motivation and history of double beta decay search since the first consideration of two neutrino process (2β (2ν) 
Introduction
The current interest in neutrinoless double beta decay is that the existence of this process is closely related to the following fundamental aspects of particle physics [1, 2, 3] : (i) leptonnumber non-conservation, (ii) the presence of a neutrino mass and its origin, (iii) the existence of right-handed currents in electroweak interactions, (iv) the existence of the Majoron, (v) the structure of the Higgs sector, (vi) supersymmetry, (vii) the existence of leptoquarks, (viii) the existence of a heavy sterile neutrino, and (ix) the existence of a composite neutrino.
All of these issues are beyond the standard model of electroweak interaction, therefore the detection of 0νββ decay would imply the discovery of new physics. Of course, now interest in this process is caused primarily by the problem of a neutrino mass. If 0νββ decay is discovered, then according to current thinking, this will automatically mean that the rest mass of at least one neutrino flavor is nonzero and is of Majorana origin.
Interest in neutrinoless double-beta decay has seen a significant renewal in recent years after evidence for neutrino oscillations was obtained from the results of atmospheric, solar, reactor and accelerator neutrino experiments (see, for example, the discussions in [4, 5, 6] ). These results are impressive proof that neutrinos have a non-zero mass. However, the experiments studying neutrino oscillations are not sensitive to the nature of the neutrino mass (Dirac or Majorana) and provide no information on the absolute scale of the neutrino masses, since such experiments are sensitive only to the difference of the masses, ∆m 2 . The detection and study of 0νββ decay may clarify the following problems of neutrino physics (see discussions in [7, 8, 9] ): (i) lepton number non-conservation, (ii) neutrino nature: whether the neutrino is a Dirac or a Majorana particle, (iii) absolute neutrino mass scale (a measurement or a limit on m 1 ), (iv) the type of neutrino mass hierarchy (normal, inverted, or quasidegenerate), (v) CP violation in the lepton sector (measurement of the Majorana CP-violating phases).
Yesterday
The double beta decay problem arose practically immediately after the appearance of W. Pauli's neutrino hypothesis in 1930 and the development of β-decay theory by E. Fermi in 1933. In 1935 M. Goeppert-Mayer identified for the first time the possibility of two neutrino double beta decay, in which there is a transformation of an (A, Z) nucleus to an (A, Z+2) nucleus that is accompanied by the emission of two electrons and two anti-neutrinos [10] :
It was demonstrated theoretically by E. Majorana in 1937 [11] that if one allows the existence of only one type of neutrino, which has no antiparticle (i.e. ν ≡ν) , then the conclusions of β-decay theory are not changed. In this case one deals with a Majorana neutrino. In 1939 W. Furry introduced a scheme of neutrinoless double beta decay through the virtual state of intermediate nucleus [12] :
The first experiment to search for 2β-decay was done in 1948 using Geiger counters. In this experiment a half-life limit for 124 Sn was established, T 1/2 > 3 · 10 15 y [13] . During the period from 1948 to 1965 ∼ 20 experiments were carried out with a sensitivity to the half-life on the level of ∼ 10 16 − 10 19 y (see reviews [14, 15] ). The 2β-decay was thought to have been "discovered" a few times, but each time it was not confirmed by new (more sensitive) measurements. The exception was the geochemical experiment, in which two neutrino double beta decay of 130 Te was really detected in 1950 [16] .
At the end of the 1960s and beginning of 1970s significant progress in the sensitivity of double beta decay experiments was realized. E. Fiorini [20, 15, 21] ).
In 1981 a new type of neutrinoless decay with Majoron emission was introduced [22] :
The important achievements in the 1980s were connected with the first evidence of two neutrino double beta decay in direct counting experiments. This was done by M. Moe's group for 82 Se using a TPC (T 1/2 = 1.1
Since 2002 the progress in double beta decay searches has been connected mainly with the two experiments, NEMO-3 [30, 31, 32, 33, 34, 35, 36] and CUORICINO [37, 38, 39] . The basic historical marks of 75 years study of this process are presented in Tables 1 and 2 (from [40] ).
3. Today 3.1. Two neutrino double beta decay As discussed above this decay was first recorded in 1950 in a geochemical experiment with 130 Te [16] . In 1967, it was also found for 82 Se [43] . Attempts to observe this decay in a direct measurement employing counters were unsuccessful for a long time. Only in 1987 could M. Moe, who used a time-projection chamber (TPC), observe 2β(2ν) decay in 82 Se for the first time [23] .
Within the next few years, experiments employing counters were able to detect 2β(2ν) decay in many nuclei. In 100 Mo [27, 68, 69] , and 150 Nd [70] 2β(2ν) decay to the 0 + excited state of the daughter nucleus was also recorded. The 2β(2ν) decay of 238 U was detected in a radiochemical experiment [71] , and in a geochemical experiment for the first time the ECEC process was detected in 130 Ba [60] . Table 3 displays the present-day averaged and recommended values of T 1/2 (2ν) from [26] . At present, experiments devoted to detecting 2νββ decay are approaching a level where it is insufficient just to record the decay. It is necessary to measure numerous parameters of this process to a high precision (half-life value, energy sum spectrum, single electron energy spectrum and angular distribution). Tracking detectors that are able to record both the energy of each electron and the angle at which they diverge are the most appropriate instruments for solving this problem. Current tracking NEMO-3 experiment is measuring all parameters of double beta decay for seven different nuclei ( 48 Ca, 82 
Neutrinoless double beta decay
In contrast to two-neutrino decay, neutrinoless double-beta decay has not yet been observed 1 , although it is easier to detect it. In this case, one seeks, in the experimental spectrum, a peak of energy equal to the double beta transition energy and of width determined by the detector's resolution.
The constraints on the existence of 0νββ decay are presented in Table 4 for the nuclei for which the best sensitivity has been reached. In calculating constraints on m ν , the nuclear matrix elements from [61, 62, 63, 66, 67] were used (3-d column). It is advisable to employ the calculations from these studies, because the calculations are the most thorough and take into account the most recent theoretical achievements. In the papers [61, 62, 63] g pp values (g pp is parameter of the QRPA theory) were fixed using experimental half-life values for 2ν decay and then NME(0ν) were calculated. In column four, limits on m ν , which were obtained using the NMEs from a recent Shell Model (SM) calculations [64] , are presented (for 116 Cd NME from [65] is used).
From Table 4 using NME values from [61, 62, 63, 64, 66, 67] , the limits on m ν for 130 Te are comparable with the 76 Ge results. Now one cannot select any experiment as the best one. The assemblage of sensitive experiments for different nuclei permits one to increase the reliability of the limit on m ν . Present conservative limit can be set as 0.75 eV. Table 5 displays the best present-day constraints for an "ordinary" Majoron (n = 1). The "nonstandard" models of the Majoron were experimentally tested in [82] for 76 Ge and in [83] for 100 Mo, 116 Cd, 82 Se, and 96 Zr. Constraints on the decay modes involving the emission of two Majorons were also obtained for 100 Mo [84] , 116 Cd [80] , and 130 Te [85] . In a recent NEMO Collaboration papers [32, 34, 35] , new results for these processes in 100 Mo, 82 Se, 150 Nd and 96 Zr were obtained with the NEMO-3 detector. Table 6 gives the best experimental constraints on decays accompanied by the emission of one or two Majorons (for n = 2, 3, and 7). Hence at the present time only limits on double beta decay with Majoron emission have been obtained (see table 5 and 6). A conservative present limit on the coupling constant of ordinary Majoron to the neutrino is g ee < 1.9 · 10 −4 .
Neutrinoless double beta decay with Majoron emission

Tomorrow
There are more than 20 different propositions for future double beta decay experiments. Here seven of the most developed and promising experiments which can be realized within the next few years are presented (see Table 7 ). The estimation of the sensitivity in the experiments is made using NMEs from [61, 62, 63, 64, 66, 67] . In all probability, they will make it possible to reach the sensitivity for the neutrino mass at a level of 0.01 to 0.1 eV.
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